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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to a method for a heat treatment of a silicon wafer doped with boron in an argon 
atmosphere, which is effective in uniformizing the boron concentration in the thickness direction of the wafer surface 
layer. 

BACKGROUND ART 

10 

[0002] It is generally observed that a silicon wafer cut out from a dislocation -free silicon monocrystal ingot grown by 
the Czochralski (CZ) method has a crystal defect called COP (Crystal Originated Particle). The COP is caused by voids 
introduced during the ingot growing process. When voids are exposed on the surface of the silicon wafer to form pits 
or, even if not exposed on the surface, when they are contained in the surface layer of the silicon wafer (i.e., when the 
15 COP is contained in a device activation area), they become a factor of causing a defect in the device properties, such 
as a defect in withstand voltage in the gate oxide film or a defect in leak characteristic. 

[0003] In view of the circumstances described above, in order to remove the COP which is exposed on the surface 
of the silicon wafer or included in the surface layer, a heat treatment (annealing) is conducted in a nonoxidizing atmos- 
phere such as a hydrogen atmosphere or an argon atmosphere at a high temperature of approximately 1200°C (e.g., 

20 Japanese Patent Application Laid-Open Publications No. 58-85534 and No. 4-167433). 

[0004] The above heat treatment (annealing) actually reduces or eliminates the COP exposed on the surface of the 
silicon wafer or contained in the surface layer by diffusing oxygen from the wafer surface layer to the outside. 
[0005] But, when the silicon wafer having boron as a dopant is annealed in a hydrogen atmosphere, not only oxygen 
but also boron is diffused from the wafer surface layer to the outside. Thus, there is a drawback that a resistivity in the 

25 vicinity of the wafer surface layer becomes different from the initially assumed one. 

[0006] In this connection, Japanese Patent Application Laid-Open Publication No. 10-144698 discloses a method 
of treating a silicon wafer containing boron in an argon atmosphere with almost no change in a distribution of boron 
based on a discovery made by the inventors that when the silicon wafer containing boron is annealed in the argon 
atmosphere, boron is hardly diffused to the outside but only oxygen is selectively diffused to the outside. 

30 [0007] However, the invention described in Japanese Patent Application Laid-Open Publication No. 10-144698 is 
strictly conducted as a pretreatment of epitaxial growth. In practice, it cannot fully uniformize the boron concentration 
in the thickness direction of the wafer surface layer. 

DISCLOSURE OF THE INVENTION 

35 

[0008] The prevent invention has been made in view of the above circumstances and provides a method which can 
fully uniformize a boron concentration in a thickness direction of a surface layer of a silicon wafer doped with boron. 
[0009] In order to achieve the above object, the present inventors have made a devoted study and found that when 
the silicon wafer doped with boron is annealed in argon, the boron concentration in the thickness direction of the surface 

*o layer of the silicon wafer increases temporarily and then lowers gradually. 

[0010] It is said that when annealing in argon is conducted, the boron concentration in the thickness direction of the 
vicinity of the surface layer becomes uniform. And, there are commercially available silicon wafers having a uniform 
boron concentration. But, such silicon wafers were also observed that the boron concentration in the wafer surface 
layer increased temporarily and lowered gradually. 

45 [0011] As to the phenomenon of temporal increase in the boron concentration, the present inventors have found that 
the boron concentration in the thickness direction of the surface layer of the silicon wafer can be uniformized by ap- 
propriately applying an effect of lowering the boron concentration by annealing in hydrogen to remove excessive boron 
contained in the wafer surface layer and then annealing in argon, and achieved the present invention. 
[0012] The present inventors consider that the temporal increase in boron concentration in the surface layer of the 

so silicon wafer is caused by adhesion of boron to the silicon wafer because of some cause prior to charging into a heat 
treatment furnace. 

[0013] More specifically, the present invention provides the following. 

(1 ) A meth od of sub jecting a silicon wafer doped with boron to a heat treatment in an argon atmosphere, wherein 
55 the argon atmosphere is replaced by a hydrogen atmosphere or "a mixed gas of an argon gas and a hydrogen 

gas" in a proper fashion, to thereby uniformize the boron concentration in the thickness direction of the surface 
layer of "the silicon wafer doped with boron". 

The "wafer surface layer" is basically assumed to have a range of within 5 u. m from the wafer surface, and 
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more preferably within 10 p. m. 

(2) A method of subjecting a silicon wafer doped with boron to a heat treatment in an argon atmosphere, wherein 
the heat treatment is performed in the initial stage of the heat treatment with the argon atmosphere replaced by a 
hydrogen atmosphere or "a mixed gas of an argon gas and a hydrogen gas" in a proper fashion, to thereby remove 

5 contamination of the boron from a surface of the silicon wafer doped with boron in a stage priorto the heat treatment 

and to perform a subsequent heat treatment in the argon atmosphere. 

The heat treatment in the hydrogen atmosphere or "the mixed gas of an argon gas and a hydrogen gas" 
performed in a proper fashion in the initial stage of the heat treatment in a nonoxidizing atmosphere is to uniformize 
the boron concentration in the thickness direction of the wafer surface layer. 

10 The "initial stage of the heat treatment" is a concept including both of from the initial time of the heat treatment 

of the silicon wafer (when hydrogen is flown in the heat treatment furnace from the beginning of the heat treatment 
and replaced by argon in due course to perform the heat treatment) and the initial certain period of the heat treat- 
ment of a silicon wafer (when argon is first flown into the heat treatment furnace and replaced by hydrogen in due 
course to perform the heat treatment, then replaced by argon again to continue the heat treatment). Excessive 

15 boron contained in the wafer surface layer is removed by performing the heat treatment in hydrogen in the above 

stage to uniformize the boron concentration in the thickness direction of the wafer +surface layer, and the annealing 
in argon is performed. And, the boron concentration in the thickness direction of the wafer surface layer is kept in 
the uniform state by annealing in argon. As a result, a silicon wafer with the uniformized boron concentration in 
the thickness direction of the surface layer can be obtained by the present invention. 

20 (3) The method according to (1) or (2) above, wherein "the mixed gas of an argon gas and a hydrogen gas" is "a 

mixed gas of an argon gas and a hydrogen gas" containing the hydrogen gas in a concentration of an explosion 
limit or below. 

(4) A method of annealing in argon with a hydrogen gas added to uniformize a boron concentration in a thickness 
direction of a surface layer of a silicon wafer doped with boron. 

25 in the above (4), "with a hydrogen gas added to uniformize a boron concentration in the thickness direction 

of the surface layer of a silicon wafer doped with boron" means, for example, "addition of hydrogen in the initial 

stage of annealing in argon to perform the heat treatment with hydrogen". 

In that case, the hydrogen heat treatment in the initial stage can be performed at a temperature in a range of, 

for example, 800°C to 1200°C. For example, when the hydrogen heat treatment is performed at less than 800°C 
30 while the temperature of the heat treatment furnace is being increased (e.g., hydrogen is added at300°C, annealing 

in hydrogen is performed at 300°C to 500°C, and switching to the argon atmosphere is made at 500°C), it is not 

practical because an effect of removing boron from the wafer surface layer by annealing in hydrogen delays. 

Meanwhile, for example when the heat treatment in hydrogen is performed at a temperature exceeding 1200°C 

while the temperature of the heat treatment furnace is being increased (e.g., hydrogen is added at 1210°C, an- 
35 nealing in hydrogen is performed at 121 0°C to 1 300°C, and switching to the argon atmosphere is made at 1 300°C), 

annealing in argon is made before reaching 1200°C, and the effect by annealing in argon is produced in advance. 

Thus, the effect of removing boron by annealing in hydrogen intended by the present invention may not be provided 

satisfactorily. 

The above conditions are variable depending on the heat treatment conducted in 1 00% of hydrogen, the heat 
40 treatment conducted in the mixed gas with argon or time of annealing in hydrogen, but the present invention can 

be performed at a temperature of 800°C to 1 200°C even in 4% of hydrogen which is an explosion limit of hydrogen. 
And, when the heat treatment is performed in hydrogen in concentration of 100%, the invention can be performed 
at a temperature less than 800°C, and the hydrogen heat treatment time becomes short. 

In either case, the condition of "the heat treatment in hydrogen in the initial stage" according to the present 
45 invention is determined by totally considering a wafer to be obtained, a state of the apparatus and others. 

(5) A method of subjecting a silicon wafer doped with boron to a heat treatment in a nonoxidizing atmosphere while 
uniform izing a boron concentration in a thickness direction of a surface layer of "the silicon wafer doped with boron" 
using the boron adhered to the surface of the silicon wafer. 

The "nonoxidizing atmosphere" means an ordinary nonoxidizing atmosphere, such as a hydrogen atmosphere 
50 or an argon atmosphere, used to eliminate the COP in the vicinity of the surface layer of the silicon wafer. 

(6) A method of using a hydrogen gas or "a mixed gas of an argon gas and a hydrogen gas" to uniformize a boron 
concentration in a thickness direction of a surface layer of "a silicon wafer doped with boron". 

(7) The method according to any one of (1) to (6) above, wherein "the silicon wafer doped with boron" is a silicon 
wafer of silicon doped with boron in a non-high concentration. 

55 The "non-high concentration" used in the present invention means a boron concentration of preferably 1 x 

1 0 16 atoms/cm 3 or below, and more preferably 1 x 1 0 15 atoms/cm 3 or below, and most preferably 1 x 1 0 14 atoms/ 
cm 3 or below. 

(8) A silicon wafer produced by the method according to any one of (1) to (5) above, wherein "the silicon wafer 
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doped with boron" is a silicon wafer of silicon doped with boron in a non-high concentration. 
(9) A method of subjecting a silicon wafer doped with boron to a heat treatment in an argon atmosphere, wherein 
when a surface of the silicon wafer Is contaminated with boron in a stage prior to the heat treatment, the heat 
treatment is performed in hydrogen or "a mixed gas of an argon gas and a hydrogen gas" in the initial stage of the 
5 heat treatment in the argon atmosphere, to thereby unifomnize a boron concentration in a thickness direction of a 

surface layer of "the silicon wafer doped with boron" after the heat treatment. 

[0014] Thus, when the heat treatment is performed in hydrogen or the "mixed gas of an argon gas and a hydrogen 
gas" in the initial stage of the heat treatment in the argon atmosphere, contamination of boron is removed from the 
10 surface of the silicon wafer, and annealing is performed with the wafer surface cleaned. And, in this case, after the 
wafer surface is cleaned, annealing is performed in the argon atmosphere, that boron is less diffused to the outside, 
to uniformize the boron concentration in the thickness direction of the wafer surface layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 

[0015] 

Fig. 1 is a graph showing a change in boron concentration in a wafer thickness direction at the time when silicon 
wafers doped with boron and having different initial resistivities were annealed in argon; 

20 Fig. 2 is a graph showing a change in boron concentration in a wafer thickness direction at the time when silicon 

wafers doped with boron and having different initial resistivities were annealed in hydrogen; 
Fig. 3 is a graph showing results obtained when a silicon wafer doped with boron at a non-high concentration was 
annealed in argon with a heat treatment temperature changed to 1100°C, 1150°C, and 1200°C for a prescribed 
heat treatment period (one hour); 

25 Fig. 4 is a graph showing results obtained when a silicon wafer was annealed in argon at a prescribed heat treatment 

temperature (1150°C) with a heat treatment period changed to one hour, four hours and eight hours; 
Fig. 5 is a graph showing the boron concentration distribution obtained when a silicon wafer was annealed in argon 
with hydrogen added in the initial stage of the heat treatment, the boron concentration distribution obtained by 
treating with argon only, and the boron concentration distribution obtained by treating with hydrogen only. 

30 Fig. 6 is a graph showing the boron concentration distribution obtained when the added hydrogen concentration 

at the initial state was 1 00% and a heat treatment temperature at the time of adding hydrogen was 800°C; 
Fig. 7 is a graph showing the boron concentration distribution obtained when the added hydrogen concentration 
in the initial stage was 4% and a heat treatment temperature at the time of adding hydrogen was 800°C; 
Fig. 8 is a graph showing the boron concentration distribution obtained when the added hydrogen concentration 

35 in the initial stage was 1 00% and a heat treatment temperature at the time of adding hydrogen was 1 000°C; 

Fig. 9 is a graph showing the boron concentration distribution obtained when the added hydrogen concentration 
in the initial stage was 4% and a heat treatment temperature at the time of adding hydrogen was 1000°C; 
Fig. 10 is a graph showing the boron concentration distribution obtained when the added hydrogen concentration 
in the initial stage was 1 00% and a heat treatment temperature at the time of adding hydrogen was 1200°C; and 

40 Fig. 1 1 is a graph showing the boron concentration distribution obtained when the added hydrogen concentration 

in the initial stage was 4% and a heat treatment temperature at the time of adding hydrogen was 1200°C. 

BEST MODE FOR CARRYING OUT THE INVENTION 

45 [0016] Embodiments of the invention will be described. Fig. 1 is a graph showing a change in boron concentration 
in the wafer thickness direction at the time when "silicon wafers doped with boron" and having different initial resistivities 
were annealed in argon, and Fig. 2 is a graph showing a change in boron concentration in the wafer thickness direction 
at the time when "silicon wafers doped with boron" and having different initial resistivities were annealed in hydrogen. 
[0017] The boron concentration was detected by an SIMS (Secondary Ion Mass Spectroscopy). 

so [001 8] In this embodiment, the silicon wafer used is a P-type boron-doped silicon wafer formed on a (1 00) plane with 
a diameter of 200 mm. The P-type boron-doped silicon wafer has an oxygen concentration of 10.0 to 15.0 x 10 17 
atoms/cm 3 and a resistivity of 1 to 30 Q-cm. 

[0019] As indicated by sample A shown in Fig. 1 , when a silicon wafer doped with boron of a non-high concentration 
(a silicon wafer which is doped with boron to a non-high concentration) is annealed in argon, there is observed a 
55 phenomenon that the boron concentration in the wafer thickness direction is temporarily increased and then gradually 
lowered at a given portion in the wafer surface layer. The occurrence of such a phenomenon regardless of the annealing 
temperature or the annealing time was confirmed by the present inventors. 

[0020] Meanwhile, it is generally known well that boron is diffused to the outside after the annealing in hydrogen, 
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and its concentration in the surface layer is decreased as shown in Fig. 2. 

[0021] But, the distribution of boron concentration in the surface layer may be uniform when annealed in argon but 
the boron concentration often increases in the surface layer as shown in Fig. 1. In this connection, it is described in 
Japanese Patent Application Laid-Open Publication No. 10-144698 that the diffusion of boron to the outside by the 
heat treatment in an argon atmosphere is hard, but the reason for the phenomenon that the boron concentration in- 
creases is unknown. 

[0022] Under the circumstances described above, the present inventors have conducted annealing in argon with the 
treatment temperature and time varied in order to obtain clues to the cause of the increase in boron concentration in 
the surface layer. As a result, it was found that the boron concentration in the surface layer increases at all levels, but 
the concentration near the surface lowers as the temperature becomes high and the time becomes long, and the 
concentration is diffused to become high toward the inside (Fig. 3 and Fig. 4). 

[0023] It suggests that boron already adhered in the stage before the annealing in argon has diffused to the inside 
because boron is not always supplied from the outside of the wafer during the heat treatment. On the other hand, it is 
presumed that the boron concentration in the surface layer lowers when annealed in hydrogen because boron adhered 
to the surface reacts with hydrogen and removed during the annealing, and the boron in the surface layer is diffused 
to the outside of the wafer. 

[0024] Therefore, it was considered that uniform boron distribution can be obtained by adding hydrogen or gas con- 
taining hydrogen to separate the boron adhered to the surface layer at a moment in a preliminary step of holding at 
1200°C in annealing in argon and then treating with argon. And, a desired result was obtained by performing the 
following experiment. 

Embodiment 1 : 

[0025] Switching to hydrogen or gas containing hydrogen (argon dilution) was performed with timing as shown in 
Table 1 , each gas was kept at each temperature for 24 minutes, and annealing in argon was continued at 1200°C. 
[0026] The used wafer was a P-type (boron doped) with a diameter of 200 mm and having a resistivity of 1 0 to 20 
(U ■ cm). 



Table 1 



CZ wafer, 200 mm P-type, Resistivity: 10 - 20 (H - cm) 


Level 


Hydrogen addition temperature(°C) 


Added hydrogen ratio (%) 


1 


800 


100 


2 


800 


4 


3 


1000 


100 


4 


1000 


4 


5 


1200 


100 


6 


1200 


4 



[0027] One example of the SIMS analysis results obtained by annealing is shown in Fig, 5. Fore comparison, Fig. 5 
shows the boron concentration distribution after treating with argon only and the boron concentration distribution after 
treating with hydrogen only. It is seen from Fig. 5 that a boron concentration in the surface layer is uniformized by 
annealing in argon with hydrogen added in the initial stage of heat treatment. 

[0028] Then , the boron concentration distribution was examined when hydrogen was added in concentrations of 4% 
and 100% in the initial stage with a heat treatment temperature varied to 800°C, 1000°C and 1200°C. The results are 
shown in Fig. 6 to Fig. 11. 

[0029] The results shown in Fig. 6 to Fig. 11 are summarized as follows. 

1 ) The boron concentration in the surface layer could be suppressed from increasing by adding the hydrogen gas 
in the preliminary step of holding at a high temperature to perform annealing in argon. 

2) For timing to switch to the hydrogen gas, a temperature of 800°C or higher is sufficient when 1 00% of hydrogen 
is added. 

3) When 4% of hydrogen is added, boron in the surface has a slight increasing trend but it is effectively suppressed. 
[0030] As described above, when the silicon wafer doped with boron in a non-high concentration is annealed in 
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argon, the boron concentration increases temporarily at a given portion in the wafer surface layer, so that the argon 
atmosphere is appropriately switched to the hydrogen atmosphere or "the mixed gas of an argon gas and a hydrogen 
gas" in agreement with the timing of the formation of such a portion. Thus, the boron concentration in the thickness 
direction of the surface layer of the silicon wafer doped with boron can be uniformized. 
5 [0031] Otherwise, when the silicon wafer doped with boron in a low concentration is subject to a heat treatment in 
an atmosphere of "a mixed gas of an argon gas and a hydrogen gas", it is considered that the boron concentration in 
the wafer thickness direction of the surface layer of the silicon wafer doped with boron can be uniformized by varying 
a mixing ratio of the hydrogen gas in the "mixed gas of an argon gas and a hydrogen gas". 

[0032] In this connection, to perform the present invention, a heat treatment furnace for annealing in hydrogen is 
10 basically used because the invention includes a heat treatment process with a hydrogen gas, but an explosion-proof 
construction required when the hydrogen gas is used becomes unnecessary by controlling the "mixed gas of an argon 
gas and a hydrogen gas" to contain the hydrogen gas in a concentration (concentration of 4% or below) of an explosion 
limit or below, and the heat treatment furnace as the whole is made to have a smaller heat capacity. Thus, the heat 
treatment furnace having structure specifications capable of quickly raising or lowering a temperature can be provided. 
15 And, it becomes possible to reduce the annealing time. 

[0033] As described above, the present invention can fully uniformize the boron concentration in the thickness di- 
rection of the wafer surface layer of the silicon wafer doped with boron in a non-high concentration. 



20 Claims 

1 . A method of subjecting a silicon wafer doped with boron to a heat treat ment in an argon atmosphere, wherein the 
argon atmosphere is replaced by a hydrogen atmos ph ere or a mixedk ias of an argon gas and a h ydrogen g as in 
a proper fashion, to thereby uniformize a boron concentration in a thickness direction of a surface layer of the 

25 silicon wafer doped with boron. 

2. A method of subjecting a silicon wafer doped with boron to a heat treatment in an argon atmosphere, wherein the 
heat treatment is performed in the initial stage of the heat treatment with the argon atmosphere replaced by a 
hydrogen atmosphere or a mixed gasoT an argon gas and a hydrogen gas in a proper fashion, to thereby rejnoxg 

30 the CQCi.taminati o.n-Of boron from a surface jrt the silicon wafe r contaminate d wfthboron in the stage prior to the 

heat treatment and to perform a subsequent heat treatmenfin the argon atmosphere. ~~ 

3. The method according to Claim 1 or 2, wherein the mixed gas of the argon gas and the hydrogen gas is a mixed 
gas of an argon gas and a hydrogen gas containing the hydrogen gas in a concentration of an explosion limit or 

35 below. 

4. A method of annealing in argon with a hydrogen gas added to uniformize a boron concentration in a thickness 
direction of a surface layer of a silicon wafer doped with boron. 

40 5. A method of subjecting a silicon wafer doped with boron to a heat treatment in a nonoxidizing atmosphere while 
uniformizing a boron concentration in a thickness direction of a surface layer of the silicon wafer doped with boron 
using the boron adhered to the surface of the silicon wafer. 

6. A method of using a hydrogen gas or a mixed gas of an argon gas and a hydrogen gas to uniformize a boron 
45 concentration in a thickness direction of a surface layer of a silicon, wafer doped with boron. 

7. The method according to any one of Claims 1 to 6, wherein the silicon wafer doped with boron is a silicon wafer 
of silicon doped with boron in a non-high concentration. 

so 8. A silicon wafer produced by the method according to any one of Claims 1 to 5, wherein the silicon wafer doped 
with boron is a silicon wafer of silicon doped with boron in a non-high concentration. 

9. A method of subjecting a silicon wafer doped with boron to a heat treatment in an argon atmosphere, wherein 
when a surface of the silicon wafer is contaminated with boron in a stage prior to the heat treatment, the heat 
55 treatment is performed in hydrogen or a mixed gas of an argon gas and a hydrogen gas in the initial stage of the 

heat treatment in the argon atmosphere, to thereby uniformize a boron concentration in a thickness direction of a 
surface layer of the silicon wafer doped with boron after the heat treatment. 
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